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Laser station «Tochka»: purpose and installation aspects;

Experimental evaluation of how accurate the station’s automatic laser beam
pointing system is under both night and daytime conditions;

Experimental evaluation of the station’s output performance;

Experimental evaluation of instrumental precision of single-shot range
measurements and of how accurate the station’s calibration is;

Experimental evaluation of how accurate multiple range measurements are
under both night and daytime conditions;

Experimental evaluation of how accurately laser pulses are linked to an
external time scale in precision time transfer mode.




Purpose of the laser station «Tochka»

Thelaser station «Tochkartakes 3 kinds of measurementat once precisionlaser ranging,
precision laser pseudorangingto the NSC «Glonass and radiofrequencypseudorangingby
navigatiorsignalsfromthe SC«Glonass.

In late 2017, the firster station «Tochka» was installed aMbedeleyevoperating site.
Over 2018, the station has been successfully passing-Swakeltests



Station deployment

The laser station is deployed at an operating site of 20 x 16 m in size.
The station’s equipment is .setup in t
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% Experimental evaluation of how accurate the station’s pointing

AN system is under different conditions

Thelaserstation«Tochkaxmplementghe techniqueof «blind»pointingat a targetsatelliteusingthe
giventargetdesignationsvhereneitherthetargetitselfnor a scatteredaserbeamtrackcanbe seendirectly
by the s t a t TVa@ameras The «blind» pointing techniqueallows us to makethe processof taking

measurementfully automaticunderboth night and daytimetrackingconditionsonce the calibrationby
starshasbeencompleted
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Overall performance of the aptanting mode used under both night and daytime conditions was
evaluated through logging the time checkpoints at which the system haoiottie®C lonass and

further calculating an average lacktime by a series of sessioglditionally, the pointing accuracy by
stars was regularly monitored
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Thes t a t autputperformancdias beenexperimentallgvaluatedoy the rate and numberof
returnpulsesper sessionwhentrackingthe SC«Glonass whoseretroreflectosystemsalwayshave

asingleelectronresponse
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In general,the results of the sessions taken under nearcalculated conditions show a
satisfactoryagreemenbetweerthe calculatecandexperimentailatavolumes



Experimental evaluation of instrumental precision of single-shot

range measurements and of station’s calibration accuracy

To achievea submillimetererror of measuremenby both randomand systematiccomponents,
«Tochkasakesrangemeasurements differentiaimode
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The instrumentalrandomerror of the station with singleshot range measurement$as been
evaluatedy thespreadof measurementatthecalibrationdistance

Error of singleshot range Systematic error of hardware Random error of hardware Hardware correctio
measurements correction determination correction determination value

9.8mm <0.5mm <0.2mm 27736.3nm

Theinstrumentaérrorof singleshotrangemeasurementdoesnot exceedlOmmwhilethe hardware
correctiondeterminatiorerror doesnot exceedd.5 mmby the systematiccomponenand 0.2 mmby the
randomcomponentrespectivelyviththe measuremerdveragingimeof 60sec



Experimental evaluation of accuracy of multiple range

measurements taken at night

Ranging accuracy has been evaluatedby the SC «Glonass and «ageos. The charts show the
discrepanciesf typicalmeasurementsf rangesto the SC«Glonass and«lLageos takenat night
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Theaccuracyof the normalpointsbuilt on thesemeasurementen a 60s intervalwas0.28 mmwith a
numberof measurementsf about 4,500 and 0.14 mm with a numberof measurement®f about 9,00Q

respectively 3



Residuals, ns

Experimental evaluation of accuracy of multiple range

measurements taken by day

Thechartbelowillustratesa typicalresultof daytimerangingto the SC«Glonass overthe courseof
a sessionof 720seconds(12minutes)n lengthandat elevatioranglesof about3541° andclearlyshows
falserangemeasurementsausedby thedailysky background
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The accuracy of almost all NPs is under 1 mm

Upon processing the session was split into 12 NP with the duration of 60 seconds each.
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% Experimental evaluation of how accurately laser pulses are

linked to an external time scale while in precision TT mode

Tousethe timetransferfunction,the stationtakesextraaccuratemeasurementsf pulseemissionmomentsn both
thes t a t andSiAFS®xternallime scales Themeasuringsubsystemconsistingof the interfaceunit generatingpptical
timetags, a fiberoptic line andthe measurementnit enablesakingmeasurementsf a total delayof opticaltimetagsin
boththeinterfaceandmeasuremeninitseverysecondn automode
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Laserpulseemissionmomentsin boththes t a t anaentérrmaltime scalesare determinedvith a systematic
errorof no greaterthan25picosecondsaaindarandomerrorof no greaterthan13picoseconds 10



Conclusions

1. Fullscaletestshaveconfirmedhe estimatedcharacteristicof the laserstation
«Tochka»includingbut not limitedto its outputperformancepossibilityto makethe
processof laserbeampointingat a targetfully automati@ndrangingunderbothnight
anddaytimeconditionsata submillimetelevelof accuracy

2. Theinstrumentakrror of singleshot rangemeasurementdoesnot exceedl0
mm,whilethe errorof multiplerangemeasurementkenover60s intervalsdoesnot
exceedl mmin thevastmajorityof cases

3. Toimplemenprecisiontimetransferthroughthe GLONASSystem the station
measuresaserpulseemissionmomentsn boththes t a t andextérnatimescales
with a systematicerrorof no greaterthan25ps andwith a randomerrorof no greater
than 13 picosecondsvhich,with due consideratiorof on-boardequipmenerrors,lay
the groundworlfor remotetime transferusing an on-boardlasersignalreceiver(like
thoseatthe SC«Glonass)withanerrorof no greaterthan100ps.
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